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ABNORMALITY DIAGNOSTIC SYSTEM AND 
ABNORMALITY DIAGNOSTIC DATA STORING METHOD 

INCORPORATION BY REFERENCE 
[0001] The disclosure of Japanese Patent Application No. 2000-132554 filed on May 1, 2000 
including the specification, drawings and abstract is incorporated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

[0002] The invention relates to a technology for storing abnormality diagnostic data used for 
diagnosing an abnormality in correspondence with the abnormal event of an abnormality when the 
abnormality is detected in a vehicle. 

DESCRIPTION OF THE BACKGROUND 

[0003] When an abnormality occurs in a vehicle, it is preferable to store necessary data for 
diagnosing the abnormality. 

[0004] When an abnormality occurs in a vehicle, an abnormality diagnostic system judges the 
abnormality and stores main data (e.g., data showing behavior of the vehicle such as engine cooling 
water temperature), at the time when the abnormality occurred, as abnormality diagnostic data, i.e., 
freeze-frame data. Whenever an abnormality occurs, this freeze-frame data is stored separately for 
each of the abnormal events. Types and the number of stored data are fixed irrespective of a 
difference in the abnormal events. 



1 



TFN010002-US 

[0005] In recent years, as the complexity of control systems in vehicles has increased due to 
greater use of electronic circuits, the difficulty level of analysis of an abnormal event drastically 
rises. Further, in the case of an abnormal event related to faulty soldering in an electronic circuit, 
generation of the abnormality can be inconsistent depending upon the temperature of the substrate, 
which makes it difficult to reproduce that abnormal event. 

[0006] For example, Japanese Patent Application Laid-Open Publication No. HEI 5-171998 
discloses a related technology as an abnormality diagnostic system of this kind. However, in this 
abnormality diagnostic system, the types and the number of freeze-frame data stored whenever an 
abnormal event occurs are set irrespective of a difference in the abnormal events. Therefore, when 
an abnormality diagnosis is carried out later using such freeze-frame data, although the behavior or 
state of the vehicle when an abnormality occurs can be grasped from the freeze-frame data, it is 
extremely difficult to analyze and reproduce the abnormal event which occurred. Thus, there is no 
usable method except one of listing potential possibilities from the freeze-frame data and then 
estimating inappropriate one of the listed possibilities by a process of elimination. 

SUMMARY OF THE INVENTION 
[0007] It is an object of the invention to provide an abnormality diagnostic system and an 
abnormality diagnostic data storing method capable of storing abnormality diagnostic data which 
makes it easy to analyze and reproduce an abnormal event which has occurred, when an 
abnormality diagnosis is carried out later. 

[0008] A first aspect of the invention is an abnormality diagnostic system capable of storing 
abnormality diagnostic data to be used for abnormality diagnosis corresponding to an abnormal 
event when the abnormality is detected in a vehicle, wherein the abnormality diagnosis data stored 
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corresponding to the abnormal event is common data which is common to all abnormalities 
irrespective of a difference in the abnormal events, and inherent data which is inherent to each 
abnormal event. 

[0009] According to this abnormality diagnostic system, not only the common data which is 
common, irrespective of a difference in abnormal events, but also the inherent data which is 
inherent to the abnormal event, are stored as the abnormality diagnostic data. Therefore, when 
abnormality diagnosis is carried out using this abnormality diagnostic data at a later stage, it is 
possible to easily analyze and reproduce the abnormal event which occurred by utilizing the 
inherent data which is inherent to the abnormal event. Further, by use of the common data it is 
possible to analyze the abnormal event from various viewpoints, and to analyze the abnormal event 
by comparing it with other abnormal events. 

[0010] In the above aspect, the abnormality diagnostic system can further comprise: storing 
means for storing the abnormality diagnostic data; abnormality judging means forjudging an 
abnormal event when the abnormality was detected; selecting means for selecting the inherent data 
which is inherent to the abnormal event corresponding to the judged abnormal event; and writing 
means for writing the selected inherent data together with the common data into the storing means 
as the abnormality diagnostic data corresponding to the abnormal event 

[0011] Since these means are provided, when an abnormality is detected, it is possible to store in 
the storing means the abnormality diagnostic data including the common data and the inherent data 
corresponding to the abnormal event. 

[0012] In the above aspect, the storing means may include a common storing region in which 
each of the inherent data can be utilized commonly and in which the writing means can write the 
inherent data into the common storing region. 
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[0013] In this way, the inherent data section is provided not as an exclusive storing region in 

which the inherent data is stored exclusively, but as a common storing region in which the inherent 

data can be stored commonly. When an abnormality is detected, the inherent data corresponding to 

the abnormal event is written in the common storing region. With this feature, the storing region of 

the storing means is not wastefully consumed and can be utilized optimally. 

[0014] In the above aspect, the common data may include data indicative of behavior of the 

vehicle. 

[0015] Since the common data includes such data, it is possible to clearly grasp the behavior of 
the vehicle when an abnormality occurs. 

[0016] In the above aspect, data length of the inherent data can be constant irrespective of 
difference of abnormal events. 

[0017] Also in the above aspect, the inherent data may comprise a plurality of data, and the data 
length of each data can be constant. 

[0018] By setting the data length in this manner, it is possible to simplify the writing operation 
and the reading operation with respect to the storing means, and the storing region in the storing 
means can be utilized effectively. 

[0019] A second aspect of the invention is an abnormality diagnostic data storing method for 
storing in storing means abnormality diagnostic data used for abnormality diagnosis corresponding 
to an abnormal event of an abnormality when an abnormality is detected in a vehicle, comprising 
the steps of: (a) judging an abnormality when the abnormality is detected; (b) selecting at least 
inherent data corresponding to the judged abnormal event ; and (c) storing the selected inherent 
data in the storing means as the abnormality diagnostic data corresponding to the abnormal event 



4 



TFN010002-US 

together with the common data which is common irrespective of a difference in the abnormal 
events. 

[0020] According to this abnormality diagnostic data storing method, when an abnormality is 
detected in the vehicle, not only the common data but also the inherent data are stored in the storing 
means as abnormality diagnostic data. Therefore, when abnormality diagnosis is carried out using 
this abnormality diagnostic data at a later stage, it is possible to easily analyze and reproduce the 
abnormal event by utilizing the inherent data which is inherent to the abnormal event. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0021] Fig. 1 is an explanatory view showing an overall structure of a hybrid vehicle to which an 
abnormality diagnostic system of an embodiment of the invention is applied; 

[0022] Fig. 2 is a block diagram showing a more detailed structure of a control system 200 of the 
embodiment; 

[0023] Fig. 3 is a block diagram showing a structure of an essential portion of the abnormality 

diagnostic system which is applied to the hybrid vehicle shown in Fig. 1; 

[0024] Fig. 4 is a flowchart showing a processing procedure of freeze-frame data storing 

processing achieved by the abnormality diagnostic system shown in Fig. 3; 

[0025] Figs. 5 A through 5E are explanatory views showing a diag code storing region in an 

EEPROM 280 shown in Fig. 3 and showing diag codes sequentially stored in the diag code storing 

region; 

[0026] Figs. 6A through 6E are explanatory views showing a freeze-frame data storing region in 
the EEPROM 280 shown in Fig. 3, and freeze-frame data sequentially stored in that freeze-frame 
data storing region; 
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[0027] Figs. 7A-1 through 7C-3 are explanatory views for explaining freeze-frame data reading- 
out processing of the freeze-frame data stored in the EEPROM 280 shown in Fig. 3; 
[0028] Fig. 8 is an explanatory view showing another example of the freeze-frame data stored in 
the freeze-frame data storing region in the EEPROM 280 shown in Fig. 3; 

[0029] Fig. 9 is an explanatory view showing another example of the freeze-frame data stored in 
the freeze-frame data storing region in the EEPROM 280 shown in Fig. 3; 

[0030] Fig. 10 is an explanatory view showing another example of the freeze-frame data stored in 
the freeze-frame data storing region in the EEPROM 280 shown in Fig. 3; 

[0031] Fig. 1 1 is an explanatory view showing another example of the freeze-frame data stored in 
the freeze-frame data storing region in the EEPROM 280 shown in Fig. 3; and 
[0032] Fig. 12 is an explanatory view showing another example of the freeze-frame data stored in 
the freeze-frame data storing region in the EEPROM 280 shown in Fig. 3. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0033] Next, the invention will be illustrated based on an embodiment in the following order. 

[0034] A. Overall structure of a hybrid vehicle 

[0035] B. Basic operation of hybrid a vehicle 

[0036] C. Structure of the control system 

[0037] D. Abnormality diagnostic system: 

[0038] D-l. Structure of abnormality diagnostic system: 

[0039] D-2. Freeze-frame data storing processing: 

[0040] D-3. Freeze-frame data reading-out processing: 

[0041] D-4. Effect of the embodiment: 
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[0042] E. Modifications 

[0043] E-l. Modification 1: 

[0044] E-2. Modification 2: 

[0045] E-3. Modifications: 

[0046] E-4. Modification 4: 



[0047] A. Overall structure of a hybrid vehicle 

[0048] An abnormality diagnostic system as one embodiment of the invention is applied to a 

if hybrid vehicle as shown in Fig. 1 for example. 

[| 

1 [0049] Fig. 1 is an explanatory view showing an overall structure of the hybrid vehicle to which 
^ the abnormality diagnostic system of the embodiment of the invention is applied. This hybrid 

0 vehicle includes three prime movers, i.e., an engine 150 and two motor/generators MG1 and MG2. 

2 Here, 1 'motor/generator" means a prime mover which functions as both a motor and a generator. In 
- the following description, the motor/generator is simply called a "motor" for the sake of simplicity. 

The vehicle is controlled by a control system 200. 

[0050] The control system 200 includes a main ECU (hybrid ECU) 210, a brake ECU 220, a 
battery ECU 230 and an engine ECU 240. Each of the ECUs is formed as a unit having a plurality 
of circuit elements such as a microcomputer, an input interface and an output interface disposed on 
a single circuit substrate. The main ECU 210 includes a motor control section 260 and a master 
control section (hybrid control section) 270. The master control section 270 functions to determine 
the control amount of the distribution of outputs of the three prime movers 250, MG1 and MG2 for 
example. 
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[0051] A power system 300 includes the engine 150, the motors MG1 and MG2, driving circuits 
191 and 192, a system main relay 193 and a battery 194. 

[0052] The engine 150 is a normal gasoline engine, and rotates a crankshaft 156. The operation 
of the engine 150 is controlled by the engine ECU 240. The engine ECU 240 controls a fuel 
injection amount of the engine 150 and so forth. 

[0053] The motors MG1 and MG2 are constituted as synchronous motors, and respectively 
include rotors 132 and 142 with a plurality of permanent magnets provided on the outer peripheral 
surface, and stators 133 and 143 around which three-phase coils 131 and 141 which form rotating 
fields are wound. The stators 133 and 143 are fixed to a case 119. The three-phase coils 131 and 
141 wound around the stators 133 and 143 of the motors MG1 and MG2 are connected to the 
battery 194 via the driving circuits 191 and 192, respectively, and through the system main relay 
193. The system main relay 193 is a relay switch for connecting and disconnecting the battery 194 
and the driving circuits 191 and 192. The system main relay 193 is controlled by the master control 
section 270. Electric power from the battery 194 is also supplied to auxiliary equipment (not 
shown) through the system main relay 193. 

[0054] The driving circuits 191 and 192 are transistor inverters, each having a pair of transistors 
as switching elements for each phase. The driving circuits 191 and 192 are controlled by the motor 
control section 260. When the transistors of the driving circuits 191 and 192 are switched by 
control signals from the motor control section 260, electric current flows between the battery 194 
and the motors MG1 and MG2. The motors MG1 and MG2 can operate as the prime movers which 
rotate upon reception of electric power from the battery 194 (this operational state is hereinafter 
referred to as power running), or can function as generators for generating electromotive force at 
opposite ends of the three-phase coils 131 and 141 when the rotors 132 and 142 are rotated by 
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external force, thereby charging the battery 194 (this operational state is hereinafter referred to as 
regeneration). 

[0055] Rotating shafts of the engine 150 and the motors MG1 and MG2 are mechanically 
connected to one another through a planetary gear 120. The planetary gear 120 comprises a sun 
gear 121, a ring gear 122, and a planetary carrier 124 having a planetary pinion gear 123. In the 
hybrid vehicle of this embodiment, the crankshaft 156 of the engine 150 is connected to a planetary 
carrier shaft 127 through a damper 130. The damper 130 is provided for absorbing twisting 
vibrations generated in the crankshaft 156. The rotor 132 of the motor MG1 is connected to a ring 

% gear shaft 126. Rotation of the ring gear 122 is transmitted to an axle 1 12 and wheels 1 16R and 

j; 1 16L through a chain belt 129 and a differential gear 114. 

H [0056] The control system 200 uses various sensors for controlling the entire vehicle, e.g., the 
^ control system 200 uses an accelerator sensor 165 for detecting a depression amount of an 
|| accelerator by the driver, a shift position sensor 167 for detecting a position of a shift lever (shift 
H position), a brake sensor 163 for detecting a depression pressure of a brake pedal, a battery sensor 
It 196 for detecting a charging state of the battery 194, and a revolution number sensor 144 for 

measuring the number of revolutions of the motor MG2. Since the ring gear shaft 126 and the axle 
1 12 are mechanically connected to each other through the chain belt 129, a revolution number ratio 
of the ring gear shaft 126 and the axle 1 12 is constant. Therefore, it is possible to detect not only 
the revolution number of the motor MG2 but also the revolution number of the axle 1 12 by the 
revolution number sensor 144 provided on the ring gear shaft 126. In addition, although not a 
sensor, the control system 200 also uses an ignition switch 161 for actuating and stopping the 
power system 300 by the turning of an ignition key 162. 
[0057] B. Basic operation of a hybrid vehicle: 
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[0058] The basic operation of the hybrid vehicle is hereinafter described. First, the operation of 
the planetary gear 120 is described. The planetary gear 120 has a characteristic in which when the 
revolution numbers of two of the three rotating shafts are determined, the revolution number of the 
remaining rotating shaft is determined. The following equation (1) shows a relation of the 
revolution numbers of the rotating shafts. 
[0059] Nc - Ns • p + Nr •l/(l+p) ... (1) 

[0060] wherein, Nc is the revolution number of the planetary carrier shaft 127, Ns is the 
%S revolution number of the sun gear shaft 125 and Nr is the revolution number of the ring gear shaft 
4= 126. Further, p is a gear ratio of the sun gear 121 and the ring gear 122 as shown in the following 
I ] equation. 

T [0061] p- [the number of teeth of the sun gear 121]/[the number teeth of the ring gear 122] 
If! [0062] Also, the torque of the three rotating shafts has a constant relation, irrespective of the 
H revolution numbers of the three rotating shafts, which is given by the following equations (2) and 
(3). 

[0063] Ts - Tc • p/(l+p) ». (2) 

[0064] Tr = Tc •l/(l+p) = Ts/p ... (3) 

[0065] wherein, Tc is torque of the planetary carrier shaft 127, Ts is torque of the sun gear shaft 
125 and Tr is torque of the ring gear shaft 126. 

[0066] The hybrid vehicle of this embodiment can ran in various states because of the planetary 
gear 120. For example, at relatively low speeds when the hybrid vehicle starts running, the hybrid 
vehicle runs in such a manner that the motor MG2 is driven in the power running state to transmit 
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power to the axle 1 12 while the engine 150 is left at rest. The hybrid vehicle also runs with the 
motor MG2 while the engine 150 is idling. 

[0067] After the hybrid vehicle starts running, when the vehicle reaches a predetermined speed 
the control system 200 allows the motor MG1 to run in the power running state, and the output 
torque motors and starts the engine 150. At this time, reaction torque is also output to the ring gear 
122 through the planetary gear 120. 

[00681 If the engine 150 is driven to rotate the planetary carrier shaft 127, the sun gear shaft 125 
and the ring gear shaft 126 rotate under conditions satisfying the above equations (1) to (3). The 
power generated by the rotation of the ring gear shaft 126 is transmitted directly to the wheels 1 16R 
and 1 16L. The power generated by the rotation of the sun gear shaft 125 can be used as electric 
power by the first motor MG1 . On the other hand, when the second motor MG2 is driven in the 
power running state, the power can be output to the wheels 1 16R and 1 16L through the ring gear 
shaft 126. 

[0069] During steady driving, the output of the engine 150 is set to a value substantially equal to 
the power required by the axle 112 (i.e., the number of revolutions of the axle 1 12 x torque). At 
this time, a portion of the output of the engine 150 is transmitted directly to the axle 112 through 
the ring gear shaft 126, and the remaining output is regenerated as electric power by the first motor 
MGL The regenerated electric power is used by the second motor MG2 for generating torque for 
the rotating the ring gear shaft 126. As a result, it is possible to drive the axle 1 12 with a desired 
revolution number and desired torque. 

[0070] When torque transmitted to the axle 1 12 is insufficient, the second motor MG2 provides 
torque assist. The electric power regenerated by the first motor MG1 and the electric power 
accumulated in the battery 149 are used to provide this torque assist. In this manner, the control 
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system 200 controls operations of the two motors MG1 and MG2 in accordance with the required 
power to be output from the axle 112. 

[0071] The hybrid vehicle of this embodiment can also run in reverse with the engine 150 
operating. When the engine 150 is operated, the planetary carrier shaft 127 rotates in the same 
direction as when running forward. At this time, if the first motor MG1 is controlled to rotate the 
sun gear shaft 125 at a higher revolution number than that of the planetary carrier shaft 127, the 
ring gear shaft 126 reverses to rotate in the reverse direction, as is apparent from the equation (1). 
The control system 200 can control the output torque of the second motor MG2 to allow the hybrid 

I vehicle to run in reverse while rotating the second motor MG2 in the reverse direction. 

z [0072] In a state in which the ring gear 122 is at rest, the planetary gear 120 can rotate the 

* planetary carrier 124 and the sun gear 121. Therefore, even when the vehicle is at rest, the 

I planetary gear 120 can drive the engine 150. For example, when the charge amount of the battery 
;* 194 is reduced to a low level, the engine 150 is driven and the first motor MG1 is regeneratively 

* driven so that the battery 194 can be charged. When the vehicle is at rest and the first motor MG1 
I is driven in the power running state, it is possible for the motor to start the engine 150. 

[0073] C. Structure of the control system: 

[0074] Fig. 2 is a block diagram showing a more detailed structure of the control system 200 of 
this embodiment. A master control section 270 includes a master control CPU 272 and a power 
source control circuit 274. The motor control section 260 includes a motor main control circuit 274 
and two motor control CPUs 264 and 266 for controlling the two motors MG1 and MG2, 
respectively. Each CPU includes a CPU, ROM, RAM, an input port and an output port (all not 
shown), and constitutes a one-chip microcomputer together with these elements. 
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[0075] The master control CPU 272 has a function to control the startup of the power system 300, 
a function to determine the control amount of the revolution numbers and distribution of torque of 
the three prime movers 150, MG1 and MG2, for example, and a function to supply the various 
required amounts to other CPUs and ECUs to control actuation of each prime mover. To perform 
these controls, an ignition switch signal IG, an accelerator position signal AP indicative of 
accelerator opening, and shift position signals SP1 and SP2 indicative of shift positions and the like 
are supplied to the master control CPU 272. The master control CPU 272 outputs a startup signal 
ST to a system main relay 198 and the like. The shift position sensor 167, the accelerator sensor 
165 and the like are used if necessary. 

[0076] The power source control circuit 274 is a DC/DC converter for converting high direct 
current voltage of the battery 194 into low direct current voltage for each circuit in the main ECU 
210. This power source control circuit 274 also functions as a monitor circuit for monitoring 
abnormalities of the master control CPU 272. 

[0077] The engine ECU 240 controls the engine 150 in accordance with an engine output 
required value PEreq given by the master control CPU 272. From the engine ECU 240, the 
revolution number REVen of he engine 150 is fed back to the master control CPU 272. 
[0078] A motor main control CPU 262 respectively supplies current required values Ilreq and 
I2req to the two motor control CPUs 264 and 266 in accordance with torque required values Tlreq 
and T2req relating to the motors MG1 and MG2 sent from the master control CPU 272. The motor 
control CPUs 264 and 266 respectively control the driving circuits 191 and 192 in accordance with 
the current required values Ilreq and I2req, thereby driving the motors MG1 and MG2, respectively. 
From the revolution number sensors of the motors MG1 and MG2, the revolution numbers REV1 
and REV2 of the motors MG1 and MG2 are fed back to the motor main control CPU 262. The 
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revolution numbers REV1 and REV2 of the motors MG1 and MG2, and a current value IB from 
the battery 194 to the driving circuits 191 and 192 are fed back from the motor main control CPU 
262 to the master control CPU 272. 

[0079] The battery ECU 230 monitors a charge amount SOC of the battery 194 and supplies a 
monitored value to the master control CPU 272. The master control CPU 272 determines an output 
to each prime mover while taking this charge amount SOC into consideration. That is, when 
charging is required, power greater than that required for running is output to the engine 150 and a 
portion of that output is distributed for the charging operation by the first motor MG1. 
[0080] The brake ECU 220 controls the balance of a hydraulic brake (not shown) and the 
regenerative brake by the second motor MG2, because in the hybrid vehicle, the regenerative 
operation by the second motor MG2 is carried out at the time of braking such that the battery 194 is 
charged. More specifically, the brake ECU 220 inputs a regeneration required value REGreq to the 
master control CPU 272 based on a braking pressure BP from the brake sensor 163. The master 
control CPU 272 determines the operation of the motors MG1 and MG2 based on this required 
value REGreq, and feeds back a regeneration execution value REGprac to the brake ECU 220. The 
brake ECU 220 controls the braking amount by the hydraulic brake to an appropriate value based 
on the braking pressure BP and a difference between the regeneration execution value REGprac 
and the regeneration required value REGreq. 

[0081] As described above, the master control CPU 272 determines the outputs of the prime 
movers 150, MG1 and MG2, and supplies the required values to the corresponding ECU 240 and 
CPUs 264 and 266. The ECU 240 and CPUs 264 and 266 control the prime movers in accordance 
with the required values. As a result, the hybrid vehicle can output appropriate power in 
accordance with a running state, and thereby run. During braking, the brake ECU 220 and the 
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master control CPU 272 coordinate with each other to control the operation of the prime movers 
and the hydraulic brake. As a result, it is possible to regenerate electric power while realizing 
braking in which a driver does not feel a great sense of discomfort. 

[0082] The four CPUs 272, 262, 264 and 266 function to monitor each other for abnormalities 
using a so-called watch dog pulse WDP, and when an abnormality occurs in any of the CPUs and 
the watch dog pulse is stopped, a reset signal RES is supplied to that CPU to reset the CPU. The 
power source control circuit 274 also monitors the master control CPU 272 for abnormalities. 
[0083] An EEPROM (Electrically Erasable Programmable Read-Only Memory) is a storing 
means for storing at least a diag code indicative of an abnormal event when the abnormal event 
occurs, and freeze-frame data which is abnormality diagnostic data used for abnormality diagnosis. 
The master control CPU 272 and the EEPROM 280 can make various requests and communicate 
between each other through a two-way communication wire 214. Another two-way 
communication wire 212 is provided also between the master control CPU 272 and the motor main 
control CPU 262. 

[0084] D. Abnormality diagnostic system: 

[0085] D-L Structure of the abnormality diagnostic system: 

[0086] Fig. 3 is a block diagram showing a structure of an essential portion the abnormality 
diagnostic system which is applied to the hybrid vehicle shown in Fig. L The master control CPU 
272 functions as an abnormality judging section 272a, a data selecting section 272b, a writing 
section 272c, and a reading section 272d. The abnormality judging section 272a detects the 
occurrence of an abnormality based on various signal inputs to the master control CPU 272, and 
judges the abnormal event. Corresponding to the judged abnormal event, the data selecting section 
272b selects data inherent in this abnormal event from data input to the master control CPU 272 or 
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data generated in the master control CPU 272. The writing section 272c writes the selected 
inherent data to the EEPROM 280 as freeze-frame data together with common data which is 
common irrespective of differences in the abnormal events. A reading section 272d reads out 
desired freeze-frame data from data stored in the EEPROM 280 in accordance with requirements 
from the diag tester. These functions of each section 272a to 272d are realized by executing 
programs stored in ROM (not shown) by the master control CPU 272. 
[0087] D-2. Freeze-frame data storing processing: 

[0088] Fig. 4 is a flowchart showing a procedure of freeze-frame data storing processing 
achieved by the abnormality diagnostic system shown in Fig. 3. Figs. 5A through 5E are 
explanatory views showing a diag code storing region in an EEPROM 280 shown in Fig. 3 and 
showing diag codes sequentially stored in the diag code storing region, and Figs. 6A through 6E are 
explanatory views showing a freeze-frame data storing region in the EEPROM 280 shown in Fig. 3 
and freeze-frame data sequentially stored in that freeze-frame data storing region. If the freeze- 
frame data storing processing shown in Fig. 4 is started, the abnormality judging section 272a 
inputs signals output from the brake ECU 220, the battery ECU 230, the engine ECU 240 and 
various sensors. Based on these signals, the abnormality judging section 272a judges whether an 
abnormality has occurred under control of the main ECU 210 (step S102), and if an abnormality 
has not occurred, the abnormality judging section 272a goes into standby until an abnormality 
occurs. 

[0089] If an abnormality has occurred, the abnormality judging section 272a judges the type of 
the abnormality based on the input signals, and determines a diag code corresponding to the judged 
abnormal event (step S104). 
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[0090] Next, the writing section 272c writes the determined diag code in the diag code storing 
region of the EEPROM 280 (step S106). In this embodiment, the diag code storing region can 
store four diag codes, with each diag code being two bytes, as shown in Fig. 5A. Note that the 
number of bytes and the number of codes which can be stored are shown as an example only, and 
the invention is not limited thereto. 

[0091] When the diag code determined by the abnormality judging section 272a is !, P1300", for 
example, and nothing is stored yet in the diag code storing region as shown in Fig. 5A, the writing 
section 272c writes the determined diag code 'PI 300" to the top of the diag code storing region. 
[0092] Next, referring back to Fig. 4, the writing section 272c obtains data (common data) which 
is common irrespective of a difference in diag code (i.e., difference in abnormal event) from 
various data generated in the motor main control CPU 262, the brake ECU 220, the battery ECU 
230, the engine ECU 240 and various sensors, and data generated in the master control CPU 272 
(step S108). 

[0093] In this embodiment, data mainly showing the behavior of the vehicle, for example, as 
common data is as follows: 

[0094] Inverter temperature of the driving circuit 191 for the motor MG1 
[0095] Inverter temperature of the driving circuit 192 for the motor MG2 
[0096] Temperature of the motor MG1 
[0097] Temperature of the motor MG2 
[0098] Direct voltage 
[0099] Direct current 

[0100] Analogue voltage of the shift position sensor 167 
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[0101] Shift switch position of the shift position sensor 167 

[0102] Accelerator main voltage of the accelerator sensor 165 

[0103] Accelerator sub-voltage of the accelerator sensor 165 

[0104] Auxiliary equipment battery voltage 

[0105] The number of revolutions of the motor MG1 

[0106] The number of revolutions of the motor MG2 

[0107] Torque of the motor MG1 

[0108] Torque of the motor MG2 

[0109] Required power of the engine 150 

[0110] Cooling water temperature of the engine 150 

[0111] Remaining capacity of the battery 194 

[0112] Note that this invention is not limited to these. That is, all of these need not be stored as 
common data. Also, data other than these may be stored as common data. 
[0113] Next, based on the diag code determined by the abnormality judging section 272a, the 
data selecting section 272b selects and obtains data (inherent data) which is inherent in the diag 
code (i.e., abnormal event) from various data input from the motor main control CPU 262, the 
brake ECU 220, the battery ECU 230, the engine ECU 240 and various sensors, and data generated 
in the master control CPU 272 (step S 1 10). Note that the corresponding relationship of the diag 
code and the inherent data which should be selected is already stored in the ROM (not shown). 
That is, based on the diag code determined by the abnormality judging section 272a, the data 
selecting section 272b accesses the ROM, and grasps what data should be selected corresponding to 
the diag code, and then selects and obtains the inherent data from the above-described data. 
Examples of the inherent data for each abnormal event are as follows: 
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[0114] [1] Abnormal event: when energy is lost due to insufficient engine torque 

[0115] Throttle opening 

[0116] Air-fuel ratio correction amount 

[0117] Specific volume of intake air 

[0118] Amount of gasoline remaining (run out of gasoline) 

[0119] [2] Abnormal event: in the case of excessive current of inverter 

[0120] Current feedback correction amount 

[0121] Three-phase current value 

[0122] Phase angle 

[0123] Note that this invention is not limited to these; various data is possible for each of the 
abnormal events. 

[0124] Next, the writing section 272c writes the obtained common data and inherent data in the 
freeze-frame data storing region of the EEPROM 280 as the freeze-frame data (step SI 12). In this 
embodiment, as shown in Fig. 6A, the freeze-frame data storing region can store four items of 
freeze-frame data (i.e., freeze-frame data corresponding to four diag codes), with the freeze-frame 
data of one frame corresponding to one diag code being 14 bytes. The freeze-frame data storing 
region is divided into a common data section for storing the common data and an inherent data 
section for storing the inherent data for each of the frames. Six bytes are allocated to the common 
data section, and eight bytes are allocated to the inherent data section. The number of bytes and the 
number of codes which can be stored are shown as an example only, and the invention is not 
limited thereto. 

[0125] When the diag code determined by the abnormality judging section 272a is "P1300", for 
example, and the common data obtained by the writing section 272c are three data cttl, |3tl and ytl 
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of two bytes each, and the inherent data obtained for the diag code "PI 300" by the data selecting 
section 272b are four data atl, btl, ctl, dtl of two bytes each, the writing section 272c writes the 
common data atl, ptl and Ytl and the inherent data atl, btl, ctl, dtl to the top of the freeze-frame 
data storing region as the freeze-frame data of one frame. At this time, the writing section 272c 
writes the 3 x 2 bytes of common data atl , (3tl and ytl in the common data section, and writes the 4 
x 2 bytes of inherent data atl, btl, ctl, dtl in the inherent data section. 
[0126] When the writing of the freeze-frame data for one abnormal event is complete, the 
procedure returns to the processing in step SI 02 and the same processing is repeated. 
[0127] As a result, whenever an abnormal event is detected, the master control CPU 272 writes a 
diag code corresponding to the abnormal event to the next vacant location in the EEPROM 280 as 
shown in Figs. 5A through 5E, and writes the common data and the inherent data corresponding to 
the diag code into the next vacant location to the freeze-frame data storing region as the freeze- 
frame data as shown in Figs. 6A through 6E. 

[0128] That is, when a second abnormal event is detected, if a diag code corresponding to the 
judged abnormal event is M P1 100 as shown in Fig. 5C, that "PI 100" is written as the diag code to 
the location next to the "PI 300" which was stored the previous time, and as the freeze-frame data, 
as shown in Fig. 6C, common data at2, |3t2 and yt2 which is common to that of the first time, and 
inherent data et2, ft2, gt2 and ht2 corresponding to the diag code "PI 100" are written to the location 
next to the freeze-frame data which was stored the previous time. 

[0129] Here, the types of data of the second common data at2, [3t2 and yt2 and the first common 
data atl, fitl and ytl are the same. However, since the obtained times of the first and second 
abnormal events are different, the contents of the data are different. The same applies to third and 
fourth abnormality detection. 
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[0130] In a third abnormality detection, if a diag code corresponding to the judged abnormal 
event is "P1200", for example, as shown in Fig. 5D, that "P1200" is written to the next location as 
the diag code, and the inherent data it3, jt3 and lt3 corresponding to the diag code "PI 200" is 
written to the next location as the freeze-frame data in addition to the common data <xtl, fkl and ytl 
which are common to the first and second common data. Further, in a fourth abnormality detection, 
if a diag code corresponding to the judged abnormal event is "P1500", for example, as shown in Fig. 
5E, that "P1500" is written to the next location as the diag code, and the inherent data mt4, nt4 and 
pt4 corresponding to the diag code "PI 500" is written to the next location as the freeze-frame data 
in addition to the common data cttl, ptl and ytl which are common to the first to third common 
data. 

[0131] In this manner, according to this embodiment, whenever an abnormality is detected, the 
diag code and the freeze-frame data are written to the next vacant location in each storing region. 
Therefore, the diag codes and freeze-frame data are stored in the order in which the abnormalities 
were detected. To make the order in which the abnormalities were detected clearer, numbers or 
symbols corresponding to that order may be stored together with the diag codes and the freeze- 
frame data. 

[0132] If four abnormal events have been written in the EEPROM 280 together with the diag 
codes and freeze-frame data corresponding thereto in this manner, there is no vacant region 
available in the EEPROM 280, and therefore the writing section 272c does not write diag code or 
freeze-frame data even if an abnormality is detected thereafter. That is, once an abnormal event has 
occurred, that diag code and freeze-frame data are not written over, but must be held until an 
abnormality diagnosis is carried out. However, if the number of abnormal events increases, the 
amounts of diag codes and freeze-frame data will increase correspondingly, such that there will 
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eventually not be enough storing capacity of the EEPROM 280. In this embodiment, as mentioned 
above, the number of abnormal events to be stored (i.e., the number of frames) is limited to four, 
and the fifth and subsequent abnormal events are not written even if they are detected. The number 
of abnormal events to be stored (i.e., the number of frames) is only an example, and the invention is 
not limited thereto. 

[01331 D-3. Freeze-frame data reading processing: 

[0134] Next, processing for reading freeze-frame data stored in the EEPROM 280 for carrying 
out the abnormality diagnosis will be described briefly. 

[0135] Figs. 7A-1 through 7C-3 are explanatory views for explaining freeze-frame data reading- 
out processing of the freeze-frame data stored in the EEPROM 280. When the abnormality 
diagnosis is carried out, a user connects a diag tester which is an abnormality diagnostic tool to a 
connector (not shown) provided at a predetermined portion in the vehicle, and operates the diag 
tester. When this is done, the diag tester first requests the master control CPU 272 to inform the 
number of diag codes stored in the EEPROM 280. Accordingly, the reading section 272d obtains 
the number of stored diag codes from the EEPROM 280 and outputs it to the diag tester. Next, 
when the diag tester requests a read out the diag codes, the reading section 272d sequentially reads 
the stored diag codes from the EEPROM 280 and outputs them to the diag tester. More specifically, 
if the diag codes are stored in a diag code storing region of the EEPROM 280 as shown in Figs. 5A 
through 5E, "P1300", "PI 100", "P1200" and "P1500" are sequentially output as diag codes. That 
is, the diag codes are output to the diag tester in the order in which the abnormalities were detected. 
As described above, when numbers or symbols corresponding to that order are stored together with 
the diag codes, the order in which the abnormalities were detected can be recognized by the diag 
tester more clearly by reading out those numbers or symbols and outputting them to the diag tester. 
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[0136] Next, if the diag tester designates a parameter ID (PID) and a frame number and requests 
a read out of the freeze-frame data, the reading section 272d reads out the freeze-frame data of a 
corresponding frame from the EEPROM 280 in accordance with the designated PID and the frame 
number and outputs it to the diag tester. 

[0137] For example, if the diag tester designates "0" as the PID and designates "1" as the frame 
number as shown in Fig. 7A-1, the reading section 272d reads out data of the first eight bytes from 
the freeze-frame data of one frame stored in the EEPROM 280 and outputs the same to the diag 
tester. Then, if the diag tester designates "1" as the PID and designates "1" as the frame number, 
the reading section 272d reads out data of the next eight bytes from the freeze-frame data of one 
frame and outputs it to the diag tester. 

[0138] That is, in this embodiment, when the PID is "0", the reading section 272d reads out data 
of the first eight bytes, and when the PID is "1", the reading section 272d reads data of the next 
eight bytes. However, in the case of the freeze-frame data storing region, since one frame has only 
14 bytes, if the PID is "1", the data of only six bytes is actually read out, and the remaining two 
bytes are output to the diag tester as vacant data. 

[0139] Therefore, by the above-described reading-out operation, a total of eight bytes of data 
including three common data atl, fitl and ytl and one inherent data atl in a frame 1 are output to 
the diag tester as shown in Fig. 7A-1. Next, a total of eight bytes of data (substantially six bytes) 
including the remaining three inherent data btl, ctl, dtl and the vacant data in the frame 1 is output 
as shown in Fig. 7A-2. 

[0140] Next, if the diag tester designates "0" as the PID again but "3" as the frame number as 
shown in Fig. 7B-1, the reading section 272d reads the first eight bytes of data from the freeze- 
frame data of a frame 2 stored in the EEPROM 280, i.e., three common data at2, pt2 and yt2 and 
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one inherent data et2, and outputs them to the diag tester. Then, if the diag tester designates "1" as 
the PID and "2" as the frame number as shown in Fig. 7B-2, the reading section 272d reads out the 
next eight bytes (substantially six bytes) of data, i.e., the remaining three inherent data ft2, gt2, and 
ht2, from the freeze-frame data of the frame 2, and outputs them to the diag tester. 
[0141] Thereafter, freeze-frame data of frames 3 and 4 can be output to the diag tester by 
sequentially designating "0" and "T'instead of "3" and "4" in the same manner. 
[0142] Since the diag tester previously obtains the diag code as described above, the diag tester 
grasps the diag code to which each freeze-frame data of frames 1 to 4 corresponds. Thus, 
whenever the freeze-frame data of one frame is output to the diag tester, the diag tester can indicate, 
on a display, the corresponding diag code and data value constituting the freeze-frame data. 
Therefore, a user can confirm the contents of each data constituting the freeze-frame data from the 
displayed diag code by a previously prepared specification or the like. That is, in this embodiment, 
the freeze-frame data is divided into the common data and the inherent data. With the common 
data, the types of data constituting it are the same for each diag code so it is easy to grasp the 
contents of data constituting the common data. With the inherent data, however, the types of data 
constituting it are different with each diag code. Therefore, it is difficult to know the contents of 
the data without using a specification or the like. 

[0143] When the diag tester includes a table showing the relation between diag codes and types 
of data constituting the inherent data, the diag tester can display the contents of the data 
constituting the freeze-frame data and values of the data when the diag tester displays the diag code. 
[0144] In this manner, the user carries out the abnormality diagnosis based on the contents of the 
diag code and freeze-frame data displayed by the diag tester. 
[0145] D-4: Effect of the embodiment: 
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[0146] As described above, in this embodiment, as freeze-frame data stored when an abnormality 
is detected, not only the common data which is common irrespective of a difference in abnormal 
events, but also the inherent data which is inherent to the judged abnormal event is also stored. 
Therefore, when the stored freeze-frame data is read out to carry out the abnormality diagnosis at a 
later stage, it is possible to easily analyze and reproduce the abnormal event which occurred by 
utilizing the inherent data which is inherent to the abnormal event. Further, if the common data in 
the freeze-frame data is utilized, it is possible to clearly grasp the behavior of the vehicle when an 
abnormality occurs for each abnormal event. It is also possible to analyze the abnormal event from 
various viewpoints, and to analyze the abnormal event by comparing it with other abnormal events. 
[0147] In the inherent data section in the freeze-frame data storing region in the EEPROM 280, 
different inherent data is stored for each abnormal event. In this embodiment, as shown in Figs. 6A 
through 6E, the inherent data section is provided not as an exclusive storing region in which each 
inherent data is used exclusively, but as a common storing region in which each inherent data can 
be stored commonly. Therefore, the storing region of the EEPROM 280 is not wastefully 
consumed and can be utilized optimally. 

[0148] Further, as shown in Figs. 6A through 6E, the data length of the inherent data is eight 
bytes and is constant, and the data length of each data constituting the inherent data is two byes and 
is also constant. Therefore, it is possible to easily write and read the freeze-frame data. 
[0149] E. Modifications 

[0150] This invention is not limited to the foregoing embodiment and mode, but can be modified 
without departing from the scope thereof. 
[0151] E-l. Modification 1: 
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[0152] In the above embodiment, the data length of each inherent data is eight bytes and is 
constant irrespective of a difference in abnormal events, but the data length of the inherent data 
may be changed for each abnormal event so that the entire data length of the freeze-frame data is 
changed as shown in Fig. 8 or Fig. 10. 

[0153] Further in the above embodiment, although the data length of data constituting the 
inherent data is two bytes and is constant in the above embodiment, the data length of data 
constituting the inherent data may be changed for each abnormal event as shown in Fig. 9 or Fig. 
10. 

[0154] Also in the above embodiment, although the freeze-frame data for one frame is stored 
without providing a vacant region in the above embodiment, a vacant region may be provided at an 
intermediate portion of the storing region and stored therein as shown in Fig. 1 1 . 
[0155] In addition in the above embodiment, the inherent data section is provided as the common 
storing region in which each inherent data can commonly be used in the freeze-frame data storing 
region. When there is enough storing capacity of the EEPROM 280, however, the inherent data 
section may be provided as an exclusive storing region in which each inherent data can be stored 
exclusively as shown in Fig. 12. 
[0156] E-2. Modification 2: 

[0157] In the above embodiment, the master control CPU 272 and the EEPROM 280 in the main 
ECU 210 are used to store the abnormality diagnostic data for an abnormal event which has 
occurred under the control of the main ECU 210, but this invention is not limited to this. The 
abnormality diagnostic data for an abnormal event which has occurred under the control of the 
brake ECU 220 may be stored in the brake ECU 220, or the abnormality diagnostic data of an 
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abnormal event which has occurred under the control of the battery ECU 230 or the engine ECU 
240 may be stored therein, respectively. 
[0158] E-3. Modification 3: 

[0159] In the above embodiment, when the PID from the diag tester is "0", the first eight bytes of 
data is read, and when the PID is "1", next eight bytes of data is read. This is only one example, 
and the relation of data to be read out with the PID is not limited to this. That is, when the PID is 
designated from the diag tester, it is possible to arbitrarily set, as necessary, how many bytes of 
what type of data should be read out. 

[0160] In the above embodiment, a desired freeze-frame data is read out by designating the PID 
and the frame number, but this is only one example, and a desired freeze-frame data may be read 
out by using another parameter. 
[0161] E-4. Modification 4: 

[0162] In the above embodiment, there was described a so-called mechanically distributing type 
hybrid vehicle in which the motor MG1 and the planetary gear are used as a power adjusting 
apparatus, and the power of the engine is distributed to the axle and the first motor MG1 . The 
invention can also be applied to a so-called electrically distributing type hybrid vehicle in which the 
planetary gear is not used as a power adjusting apparatus, and the power of the engine is electrically 
distributed. In this case, the motor MG1 includes, in addition to an inner rotor which is a common 
rotor, a rotatable outer rotor instead of a stator fixed to a case so as to be of a paired rotor 
construction. Since such an electrically distributing type hybrid vehicle is disclosed in Japanese 
Patent Application Laid-Open Publication No. HEI 9-46965 disclosed by the present applicant, a 
detailed description thereof is omitted here. 
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[0163] The invention can also be applied to various mobile bodies such as normal gasoline 
vehicles, diesel vehicles, methanol vehicles, electric vehicles, two-wheeled vehicles, airplanes and 
boats, in addition to hybrid vehicles. The invention can also be used for controlling a body other 
than a mobile body. 
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